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Complex mixture of 
C,N,H,O 
Thermochemical Process 
Diagram for Algal Biomass 



























• Feedstock S.platensis algae 
• 300 OC, 10-12 MPa, and 30 min retention time 
• Parr 4570 HP/HT Pressure Reactor 
• Aqueous phase separated in separatory funnel and 
filtered through 0.2 m membrane 
• Performed by Derek Vardon and Grant Blazina 
Reference Compositions of the Aqueous 
Phases Produced by Similar Processes 
Elemental Composition of Aqueous Phase from
Thermochemical Conversion of Spirulina
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Distribution of Nitrogen in Products






GCMS General Scan Analysis of Methanol Extract of


















Reference Method for Extraction of 
Heteroaromatic Compounds from 
Contaminated Groundwater4 
•Performed by Jerry Bargren, ISTC Analytical Chemist 
•Adjust 20 ml of sample to pH 8 
•Liquid-Liquid Extraction with Dichloromethane 
•Turbovap Concentrate to 1 ml final volume 
Recoveries of NSO Compounds from Water




























Elemental Analysis of Feed Aq 
Sample and Aq Layer Post-Extract 
• Nitrogen analysis conducted by Midwest Labs, Omaha, Nebraska 
– Total Kjeldahl for Total Nitrogen 
– Ammoniacal Nitrogen 
– Nitrate/Nitrite Nitrogen 
 
• Total Organic Carbon Analysis at ISTC by Jennifer Deluhery 
Carbon and Nitrogen Mass Balance for Spirulina HTL Aq Phase Feed and Extract
Organic Carbon Organic Nitrogen
Aq Spria 519 Stock, mg/L 14380 4528
Aq post extract, mg/L 13880 4336
Concentration Extracted, mg/L 500 192
Volume Extracted, L 0.02 0.02
mg Extract 10 3.84
Concentration in Feed Sample, mg 288 91
% Extracted 3.5% 4.2%
Analysis by Gas Chromatography4 
• Column CP-Sil 8 MS 30m x 0.25mm x 0.25 mm 
• 1 ml injection at 275 OC, split ratio 100:1 
• Oven 35 OC hold 5 min, ramp 25 OC/min to 130 OC hold 4 
min, ramp 25 OC/min to 240 OC hold 4 min, ramp 25 OC/min 
to 280 OC hold 7 min 
• Nitrogen analysis with a Agilent 7820 gas chromatogram with 
thermionic detection (GC-NPD) 
• General scans and high resolution GC/MS measurements with 
Agilent 6890 gas chromatogram coupled to a Waters Ultima 
magnetic sector mass spectrometer 
 
GC-NPD Chromatogram 5x 
Sample Diluted 5 Fold 
205 Nitrogen Containing 
Compounds Detected 
GC-NPD Chromatogram 100x 
Sample Diluted 100 Fold 
97 Nitrogen Containing 
Compounds Detected 
GCMS General Scan 35-200 m/z 
519_082911
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General Scan Mapping 
Pfk Subtracted 
1 m/z Resolution 
AMDIS Deconvolution with NIST Library 
Search with CHN Constraints 
AMDIS Deconvolution with NIST Library 
Search with CHNO Constraints 
Mass Spectrum of 1-Methylpiperidine 
Formula: C6H13N 
Accurate Mass: 99.1048 m/z 
(mainlib) Piperidine, 1-methyl-

















Mass Spectrum of 2-Piperidinone 
(mainlib) 2-Piperidinone






















Accurate Mass: 99.0684 m/z 
General Scan Map Zoom 
(mainlib) 2-Piperidinone







































Low Resolution Mass 
Spectrometry 
(mainlib) Piperidine, 1-methyl-







































High Resolution Mass 
Spectrometry 
(mainlib) Piperidine, 1-methyl-















































High Resolution SIR Measurements 
519_100x
Time








519_100x_100411 Voltage SIR 5 Channels EI+ 
99.1048
1.13e6





High Resolution SIR 
Measurements of 2-Piperidinone 
519AS50_100x_081211
Time






























10 mg/L 2-Piperidinone 
HTL Extract 100 Fold Dilution 
HTL Extract 100 Fold Dilution Spiked 
with 50 mg/L 2-Piperidinone 
93% 
Recovery 
A Brief Intermission 
GC-NPD Chromatogram 100x 
2-Piperidinone 
? 
AMDIS Deconvolution with NIST Library 
Search with CHN Constraints 
AMDIS Deconvolution with NIST Library 
Search with CHNO Constraints 
General Scan Map Zoom 
(mainlib) 2-Pyrrolidinone
































519_10x_100611 Voltage SIR 3 Channels EI+ 
85.0891
1.54e7
519_10x_100611 Voltage SIR 3 Channels EI+ 
85.0528
1.54e7
High Resolution SIR Measurements 
C5H11N 
C4H7NO 
High Resolution SIR 
Measurements of 2-Pyrrolidinone 
519AS50_100x_081211
Time




























10 mg/L 2-Pyrrolidinone 
HTL Extract 100 Fold Dilution 
HTL Extract 100 Fold Dilution Spiked 
with 50 mg/L 2-Pyrrolidinone 
94% 
Recovery 
1-Methyl-2-Pyrrolidinone and Pyridine Pending 
Quantitative SIR Results  
(Concentration Aq Phase) 
Compound CAS # Structure Formula Concentration, mg/L
2-Piperidinone 675-20-7 C5H9NO 30
2-Pyrrolidinone 616-45-5 C4H7NO 14
Benzylamine 100-46-9 C7H9N 3.9
2 -Methyl Piperazine 107-07-9 C5H12N2 1.6
2,4-Dimethyl Pyrimidine 14331-54-5 C6H8N2 1.2
2-Methyl Pyridine 109-06-8 C6H7N 0.052
% Nitrogen of Extract 4.0%












Nitrogen Characterization Flow Chart 
Feed  Sample 
Nitrogen and 
carbon analysis 
Sample Fractionation Nitrogen and carbon 
analysis of raffinate 
fraction 
N Analysis by GC-NPD 
GCMS General Scan 
AMDIS Deconvolution / NIST Library Search with 
CHN/CHNO Constraints 
General Scan Map Comparison 
SIR analysis with reference 
materials by HR-GCMS 




Create Retention Time Index 
Table to Refine Library Search  
NPD Ret Time Table 100x 
Peak # Retention Time, Min Area, pA/S %Total Area RR to 2-Piperidinone
1 7.459 13.45 8.4% 0.690
2 7.759 0.7888 0.49% 0.717
3 7.941 7.941 5.0% 0.734
4 8.103 0.5168 0.32% 0.749
5 8.17 4.128 2.6% 0.755
6 8.496 0.2404 0.15% 0.786
7 8.595 1.1897 0.74% 0.795
8 8.769 0.4556 0.28% 0.811
9 8.933 1.568 0.98% 0.826
10 9.133 1.1036 0.69% 0.844
11 9.229 0.4591 0.29% 0.853
12 9.398 0.3836 0.24% 0.869
13 9.488 1.8329 1.1% 0.877
14 9.589 15.912 9.9% 0.887
15 9.73 1.5846 0.99% 0.900
16 9.778 0.63387 0.40% 0.904
17 9.82 0.3486 0.22% 0.908
18 9.888 1.0166 0.63% 0.914
19 9.942 2.4062 1.5% 0.919
20 10.086 3.517 2.2% 0.933
21 10.149 5.93256 3.7% 0.938
22 10.313 3.1515 2.0% 0.953
23 10.385 1.47218 0.92% 0.960
24 10.526 2.59778 1.6% 0.973
25 10.64 2.34515 1.5% 0.984
26 10.776 1.19906 0.75% 0.996
27 10.816 31.66691 20% 1.000
28 11.229 0.149 0.093% 1.038
29 11.259 0.240 0.15% 1.041
30 11.386 0.2933 0.18% 1.053
31 11.681 0.395 0.25% 1.080
32 11.770 0.908 0.57% 1.088
33 12.047 1.878 1.2% 1.114
519_082911
Time



























































Library Search 40 NPD Peaks 
Compounds for HR Measurements 
Guanidine, N,N-dimethyl- Acetamide, N-ethyl-
1-Propanamine, N-ethyl- Propanamide, N-methyl
Guanidine, N,N-dimethyl- 5-(2-Pyridylamino)-2-pyrrolidone
Benzeneethanamine 3-(1H-Imidazol-4-yl)-propan-1-ol
1H-Imidazole, 2,4,5-trimethyl- Uric acid
2-Cyclohexylpiperidine L-Threonine, N-glycyl-
 Piperazine, 3-butyl-2,5-dimethyl- Guanidine, methyl-
3,7-Diazabicyclo[3.3.1]nonane, 9,9-dimethyl 3-Aminopyridine
2-Cyclohexylpiperidine 2-Pyridinamine, 5-methyl-
Piperidine, 2-pentyl- 2-Pyrazinamine, N,N-dimethyl-
Benzaldehyde, oxime Pentanamide, 4-methyl-
3-Pyridinol, 2,6-dimethyl- 2-Pyrrolidinone, 4,4-dimethyl-5-methylidene-
Propanamide, 2-amino-3-phenyl 2,5-Piperazinedione, 3-methyl-6-(1-methylethyl)-
3-tert-Butyl-2-pyrazolin-5-one 2,5-Piperazinedione, 3,6-bis(2-methylpropyl)-
2-t-Butylaminoacrylonitrile N,3-Diethyl-3-nonanamine
Pyrrolidine, 1-(1-butenyl)- Pyrrolidine, 2à-[1-pyrrolidyl]-
Pyrazine, 2-ethyl-3,5-dimethyl- Naphthalene, 1-isocyano-
4,4'-Ethylenedi-m-toluidine Propanamide, 2-methyl-
Acetamide, N-methyl- 3-Furonitrile, 2-amino-4,5-dimethyl-
: N-(3-Methylbutyl)acetamide 2H-Pyrimido[1,2-a]pyrimidine, 1,3,4,6,7,8-hexahydro-1-methyl




















 NPD1 A, Front Signal (C:\ISTC BA...E\RAW DATA\NPD RAW\AQPHASE_092611 2011-10-03 10-28-07\519_5X_100311.D)








 NPD1 A, Front Signal (C:\ISTC BA...AW DATA\NPD RAW\AQPHASE_092611 2011-10-05 10-36-40\COFFEE_5X_100511.D)









 NPD1 A, Front Signal (C:\ISTC BA...NPD RAW\AQPHASE_092611 2011-10-05 10-36-40\SAMPLE5_SDPYRO_5X_100511.D)







 NPD1 A, Front Signal (C:\ISTC BA...SE\RAW DATA\NPD RAW\AQPHASE_092611 2011-10-05 10-36-40\R1_5X_100511.D)
Nitrogen Profile of HTL Aq 
Phase from Different Feedstocks 
S. platensis 
Soy Soapstock 
Waste Coffee Grounds 
Scene Di. 
High Resolution CH2N Profile 
for S. platensis Pyrolsis and HTL 
519_10x_081711
Time












































Nitrogen Profile for Membrane 
Samples 










 NPD1 A, Front Signal (C:\ISTC BA...D RAW\AQPHASE_092611 2011-10-05 10-36-40\SAMPLE1XW_MEMFEDD5X_100511.D)










*NPD1 A, Front Signal (C:\ISTC BA...\NPD RAW\AQPHASE_092611 2011-10-05 10-36-40\SAMPLE2XW_RET_5X_100511.D)














• A systematic method for characterizing nitrogen containing 
compound in complex matrices has been developed 
• The DCM extract of the aqueous phase obtained from HTL 
of S. platensis is a complex mixture of nitrogen containing 
compounds and 2-piperidinone and 2-pyrrolidinone are at 
the greatest concentration 
• The nitrogen profile of the aqueous phase produced from 
thermochemical conversion is feedstock and processing 
conditions dependent 
Future Work 
• Continue of characterizing the DCM extract of S. platensis 
• Develop sample preparation methods to fractionate and 
extract more organic nitrogen 
• Extend and refine developed techniques to other compound 
classes such as organic acids, phenols, organic sulfur, and 
many more. 
• Extend and refine developed techniques to other sample 
matrices such as bio-oils, bio-char, etc. 
• Apply methods to solve problems associated with 
thermochemical conversion, oil refining, water treatment, 
and other applications  
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